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(54) Magnetic containment device for hydrogen generation from alkaline borohydrides 



(57) The present invention relates to the realization 
of a magnetic containment device, i.e. a reactor subject 
to an external magnetic field having such an intensity to 
contain a suitable iron-magnetic catalyst in a well-de- 
fmed volume. A solution of allcaline borohydride contin- 
uously crosses the area where the catalyst is contained 
and a hydrolysis reaction generates gaseous hydrogen . 

The catalyst can be easily inserted, kept or removed 
from the reactor, simply by moving the magnetic field. 



This system permits to get variable hydrogen quantities, 
increasing or decreasing the contact surface between 
the catalyst and the reagents. 

The hydrogen so produced, already saturated with 
steam, is particularly suitable for the feed of fuel cells 
for the production of electrical energy, since it doesn't 
need further hu modification. 

The catalysts studied for this device and chemical 
process provide high reaction kinetics, getting consid- 
erable chemical stability in time. 

Fig. 1 
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Description 
Teclinicat Field 

[0001] The present invention concerns the technical 5 
sector relative to the systems and devices for hydrogen 
generation. 

Baclcground Art 

10 

{0002] The main obstacles to the widespread use of 

hydrogen as energy can^ier relates to the unsolved prob- 
lems of the methods for its storage, transport, distribu- 
tion and to the choice of the ideal system to produce 
energy. 15 
[0003] One of the most hopeful systems for the use 
of hydrogen is represented by the fuel cells that, thanl<s 
to the feed by this gas, can directly produce electrical 
energy. 

[0004] A fuel cell consists of a system capable of pro- 20 
ducing continuously electrical energy and it's essentially 
formed by two electrodes divided by an electrolyte. As 
a matter of fact, differently from the traditional storage 
and eiectrical cells, in the fuel cell the reagents H2 and 
O2 (the latter generally coming from the air) are conlin- 25 
uously supplied from the outside and the electrodes are 
not structurally modified during the reactions, but only 
represent a support and catalysis of the same reactions. 
The interest for the fuel cells as electrical energy gen- 
erators comes from their high performance compared 30 
to facilitate their use in the field of transports, as well as 
in the production for single domestic utilities or for the 
electrical network. Therefore, it's necessary to find a 
system for storing and carrying hydrogen, permitting its 
simple, economical, safe and widespread distribution. 35 
[0005] Hydn^gen can be stored in difTerent ways: 1) 
compressed gas, 2) liquefied gas, 3) contained in me- 
tallic hydrides, 4) in carbon nano-tubes and 5) in chem- 
ical hydrides. 

40 

1) The compressed hydrogen is the easiest and 
most used system, but compared to the traditional 
fuels (GPL. petrol, methane, etc.) has a Jow volume 
density. For example, considering the same vol- 
ume, hydrogen pmduces three times less energy 45 
than methane and ten times less energy than petroL 

It's possible to increase the energetic density of the 
hydrogen increasing Its pressure (but in this case, 
it's necessary to use reinforced tanks with fibres). 
Nevertheless, the high costs and the problems rel- 50 
ative to security strongly affect this kind of storage. 

2) As an alternative, afways to increase the ener- 
getic density, hydrogen can be liquefied and stored 

at a temperature of - 253°C. The drawbacks of this 55 
system imply possible leaks of liquid hydrogen and 
the considerable energetic expenditure of the entire 
process. We must consider that about 30% of hy- 



drogen energy is necessary for the cooling process 
and, In addition, specific expertness and equip- 
ments are necessary for its safe movement. 

3) The metallic hydrides are chemical compounds 
able Id absorb and store hydrogen in the interatomic 
space of metal by means of an exothermic absorp- 
tion process and to release It, if heating, by endo- 
thermic process. The possibilities of hydrogen leaks 
are not very important and for this reason this tech- 
nology is considered safe. Nevertheless, the main 
drawback relates to the low gravimetric density of 
the stored hydrogen (only 1-7%„ejgni)- In addition, 
the operating costs of these systems are usually 
high, which do not allow yet the realization of trade 
storing systems. 

4) In the field of the nano-technologies, carbon na- 
no-tubes seem to permit, with equal weight, a great- 
er volume of stored hydrogen compared to the me- 
taliic hydrides and also relative lower costs. How- 
ever, in this sector the research Is stilt developing 
and it's not possible to perform accurate analyses. 
As a matter of fact, currently, trade systems do not 
exist. 

5) The technology that In future could solve the 
greatest problems of storage, transport and distri- 
bution of hydrogen seems to be the one using 
chemical hydrides, in particular alkaline hydrides. 
In this case, the hydrogen is confined in the chem- 
ical bonds of borctn and alkaline metal forming a 
salt. An aqueous solution, made e.g. 50%^ by so- 
dium borohydride and 50%^ by water, supplies hy- 
drogen, reacting on a suitable catalyst, with an en- 
ergetic volume similar to the petrol. Besides the hy- 
drogen. \he other product of said reaction is the so- 
dium borate, a natural chemical compound com- 
monly used in detergents that may be transformed 
again in sodium borohydride. The use of the alka- 
line borohydrkles is not recent: NASA employed 
them to power the rockets of the shuttles and, at 
that time, technicians asserted that the sodium 
borohydride could have been employed as fuel both 
for military and civil purposes between the end of 
the XX century and the beginning of the XXI century, 

[0006] When the borohydride in the water comes into 
contact with the catalyst, hydrogen is produced, which 
can be d irectly sent to the anode of a fuel cell, so getting 
electrical energy A solution of 35%^ sodium borohy- 
dride holds 7.7%,^ of hydrogen. This solution, steady in 
basic environment is not flammable, not explosive, it 
neither produces pollution nor by-products capable of 
causing the greenhouse effect and finally It's the only 
system for storing hydrogen in iiquld form (aqueous) at 
a room temperature that could easily employ the current 
distribution system to the pump for \he self-pultmg. 
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[0007] On the other hand, the problems to solve are: 

A) the current high cost of the borohydrides {which 
however could be reduced recycling the produced 
borate); 

B) the realization of a good process of re-conver- 
sion borohydride-borate-borohydrfde; 

C) the improvement of the catalyst both in the reac- 
tion kinetics and in the chemical stability. 

[0008] The present mventlon principally aims at solv- 
ing this last problem C), solving the problem to control 
the kinetics of production of hydrogen and the chemical 
stability of the analysed catalysts. 
[0009] The sodium borohydride is a crystalline white 
salt, thermally steady and hygroscopic, which decom- 
poses for hydrolysis according to the following exother- 
mic reaction: 

NaBH4 + 2 H2O -^ NaBO^ + 4 (1) 

[0010] The speed of decomposition of the aqueous 
solutions of borohydride is conveniently assessed by 
the following equation (Mochalo et aL, Kinet. Katal. 6, 
1965, 541) expressed in Its half-life {necessary time for 
the hydrolysis of 50%^,, of the first borohydride) accord- 
ing to the pH and the temperature: 

log 10 = pH - (0.034 T - 1.92) (2) 

where Is indicated in minutes and T in Kelvin de- 
grees. Thus the (2) can be controlled varying Uie acidity 
and/or the temperaUjre. The total hydrolysis of 1 gram 
of borohydride releases 2.3741 of hydrogen in standard 
conditions (STP). with a kinetics that in a short time de- 
celerates for the rise of the pH caused by the creation 
of the metaborate basic salt. Suitable steady aqueous 
solutions for hydrogen generation are included in the 
range of concentration of 1-30%^ of NaBH4 and NaOH 
or KOH with concentrations greater than 5%^. 
[0011] studies by James et al. {Progr. Inorg, Chem. 
11,1 970, 97) revealed that suitable metal salts, such as 
nickel and cobalt, and noble metals, such as ruthenium, 
platinum, rhodium, iridium, etc. are effective catalytic ac- 
celerators of the reaction (1). The US patent No. 
6,534,033 by Amendola et al. (Millenium Cell) describes 
the preparation of a catalyst of metallic ruthenium sup- 
ported on anionic resin {iRA-400). The latter should fa- 
cilitate the catch of the borohydride ion (BH4~) near the 
mthenium, increasing Its contact time and therefore the 
hydrolysis kinetics, which Is in fact high. Unfortunately, 
both the anionic resin and the ruthenium are not steady 
at the high pH values considered. The resin, at first 



present in small balls, eventually tends to dissolve, the 
ruthenium detaches from the resin for the tensions pro- 
duced to its interface during the development of the hy- 
drogen. What's more important, the same ruthenium 

5 dissolves due to the strong corrosive alkaline power, as 
it has already been tested by M. Pourbaix (Atlas d'Equili- 
bres Electrochimiques. Gauthier-Villars and C. Editeur, 
Paris 1963). In the US patent 6.534.033, the catalyst is 
contained rn a reactor equipped, at the top and the base, 

to with fillers for keeping the particles of about 0.025 mm 
diameter, and the solution of NaBH4/NaOH/H20 is flux- 
ed inside by means of a peristaltic pump through which 
It's possible to regulate the speed of generation of hy- 
drogen. 

[0012] In another US patent No. 6,358,488. the Jap- 
anese Suda realizes, among the others, two catalysts 
with nickel powder or nickel-magnesium alloy (granu- 
lometry with about 0.025mm diameter); these catalysis 
are pre4reated by an aqueous bath of hydrofluoric acid- 

20 sodium fluoride, so 'fluoriding" the surface. The hydrol- 
ysis kinetics of the borohydride are at first slow, then 
they accelerate and after 6 hours of work they reach in- 
teresting values anyway lower that the ones of the US 
patent 6,534,033. There are not data for longer times 

25 and however these tests are carried out in a reactor not 
in flux and we have no Information about the chemical 
stability of this system. 

[0013] An article published by the Chinese Kojima et 
al, (Int. Journal of Hydrogen Energy, 27,2002, 10) de- 

30 scribes the preparations of "metal/metal oxide" cata- 
lysts, such as PtyjiOg. Pt/CoO and Pt/LiCoOa^ The first 
one of said catalysts gives a good value of conversion 
of the borohydride into hydrogen^ unfortunately this test 
is carried out in a solution of NaBH^/HgO not stabilized 

55 with NaOH. In these conditions, the test is altered In that 
also without catalyst, after one hour, the conversion is 
already of 7% at 20-23''C. The tests of the catalysts with 
a base of Pt, supported on cobalt oxides or lithium co- 
baltites. In a reactor (not in flux conditions) containing 

40 solutions of NaBH4/NaOH/H20 present kinetics of gen- 
eration of H2 exceptionally high. Nevertheless, our ex- 
perimental values have verified the chemical instability 
of these catalysts that react directly with the borohy- 
dride, generating hydrogen and converting into cobalt 

45 borides and metallic cobalt slightly divided with a very 
high suriBce area. The reported high kinetics is there- 
fore the result of principally redox reactions of the same 
catalysts. Furthermore, the cobalt borides and metallic 
cobalt with pH greater than 13 tend to dissolve in the 

50 solution and disperse in a device continuously supplied 
with the solution of borohydride. 

Disclosure of Invention 

55 [0014] The first purpose of this invention is the reali- 
zation of a device that, inserted in the power circuit of 
aqueous solutions of sodium borohydride/sodlum hy- 
droxide, better performs the following three fundamental 
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characteristics: 

si)fast Idnetics of liydrogen generation; 

b) control of the hydrogen volume produced in the s 
unit of time; 

c) high chemical stability in time. 

[0015] The above-mentioned device is essentially io 
made of a magnetic field compristng a part of the line of 
the power circuit of the solution NaBH4/NaOH/H20. The 
power lines of the magnetic field parallel each other and 
with homogeneous density cairy out their action with a 
transversal geometry compared to the line of the circuit, 15 
crossing its entire volume and for a well-defined length. 
Inside said length the catalytic material is placed in pow- 
der form of variable granulometry, wires, fibres, foils or 
bars that, besides supporting the hydrolysis reaction of 
the sodium borohydride for the hydrogen generation, 20 
has iron-magnetic properties, so that the intensity of the 
magnetic field a pptied out of the circuit is suitable to fulfil 
one or more of the following operations: 

i) Firmly placing the catalytic material in the consid- ^ 
ered length of circuit, without any leakage due to 
the dragging by the power solutton or to the turbu- 
lence caused by the creation of hydrogen gas balls 

on its surface. 

30 

ii) Transferring the magnetic field acting on a length 
of the drcuit to another length, carrying together the 
catalytic material without any leakage, 

iii) Removing the magnetic field from the circuit at 35 
the end of the process in order to facilitate the re- 
trieval of the catalytic material or, during the proc- 
ess, removing the magnetic field from one of the two 
lines of a system with by-pass. 

40 

iv) Inserting In the power circuit a variable known 
quantity of catalytic material in order to get enough 
quantity of hydrogen generated in the unit of time. 

[0016} The magnetic containment device we have re- 45 
aiized (Fig. 1) principally, but not exclusively, uses per- 
manent trade magnets with a work temperature of at 
least lOO^^C, available on the market at low costs. The 
most suitable ones are couples of magnets of type Neo- 
dymtum-lron-Boron with flat-parallel surfaces with axial so 
bipolar geometry that, in contact with the power line, ap- 
pear faraway from few millimetres to some centimetres 
and provide a field intensity ranging from 1 to 5 kGauss, 
according to the material fonning the circuit placed be- 
tween the two magnetic poles and to its thickness. Pref- 55 
erabfy, the magnets, shaped like a parallelepiped , must 
be fong and large enough to cover the considered length 
of circuit and the surfaces, from which the power lines 



leave, with an area greater than, or at least as equal as, 
the longitudinal section of the same length where we 
want to contain the catalytic niateria), so as to present 
a magnetic field as more homogeneous as possible, 
[0017] The possibility to move the magnetic field from 
a length of the circuit to another, or its partial or total 
removal, can be obtained by means of simple mechan- 
ical systems (which can be applied to small portable hy- 
drogen generators in order to power fuel mini-cells of a 
few Watts), or by electromechanical checks for assisted 
hydrogen generation (In military field or in domestic util- 
ity, powers until hundreds of kW). 
[00181 The benefits of our magnetic containment de- 
vice compared to the previous hydrogen generation sys- 
tems from solutions of alkaline borohydrides are: 

A) The loading, movement and retrieval of the cat- 
alytk: material are completely safe operations car- 
ried out by the user. 

B) Acting on the external magnetic field, it's possible 
lo vary the quantity of catalytic material that comes 
into contact in the unit of time with the solution of 
NaBH4/NaOH/H20, therefore on the quantity of pro- 
duced hydrogen. 

C) High peri'ormance on the hydrogen generation, 
since the catalytic material, spontaneously placed 
along the power lines of the magnetic field, shows 
Its greatest surface for the hydrolysis reaction <1). 

D) A filter container is not necessary to keep the 
catalytic material In powder, therefore the local 
pressure drops are minimized. 

E) In the case that, during the catalysis process, the 
granulometry of the catalytic material becomes thin- 
ner, the produced powder would however remain 
well contained into the magnetic field without any 
leakage and thus always capable of supporting the 
catalytic reaction. 

F) It's possible to vary the intensity and the direction 
of the magnetic field applied, making the catalytic 
material swing, with alternative motion, even if re- 
maining in Its position, so that the small gas balls 
produced on its surface detach eariier, releasing the 
active sites for the catalysis with the result of further 
accelerating the hydrolysis kinetics. The rotation of 
a small angle of a couple of permanent magnets, 
around the length of a circuit, can be obtained by a 
pulsed electromagnetic system, whose magnetic 
field acts with an attraction-rejection power directly 
on the same magnets; this system can be applied 
also to devices with a single magnets If the diameter 
of the length of the circuit is quite small (few millr- 
metres). 



15 
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G) For magnetic containment devices adopted on 
circuits of process for hydrogen generation on me- 
dium and large scale, the solution of using electro- 
magnetic coil components can be considered eco- 
nomicafly valid. 

[0019] A second purpose of this invention, not less im- 
portant that the first one, Is the preparation of catalysts 
for hydrogen generation from alkaline borohydrides 
specifically studied to be used in the magnetic contain- 
ment devices previously described. The catalyst must 
have three essential requisites: 1) it must have iron- 
magnetic properties. 2) it must have high chemical sta- 
bliity in time, 3) it must perform a suitable kinetics for 
hydrogen generation. 

[0020] Iron-magnetic properties are Included in sev- 
eral metallic elements and their alloys, such as iron, co- 
balt, nickel, gadolinium, iron-chromium alloys, stainless 
steel series AISI 400, some rare-earth oxides, magnet- 
ite {Fb^O^). However, the considerable reducing condi- 
tion and the high pH of the solution NaBH4/NaOH/H20, 
restricts the choice of the iron-magnetic material. As a 
matter of fact, among the cited elements, the iron is 
poorly damaged by the alkaline attack because it forms 
a very thin cover of oxide (FeO), but after a few time iron 
hydroxide appears. Also the nickel suffers from the al- 
kaline attack, but the presence of the borohydrlde caus- 
es the transformation of nickel oxide into nickel boride. 
which is no more iron-magnetic and tends to slightly dis- 
solve. Cobalt and cobaft oxides strongly dissolve. Rare- 
earth oxides dissolve when in contact with alkalis. Mag- 
netite dissolves only in surface the iron component FeO, 
leaving the steady iron oxide Fe203, but the latter is re- 
duced by the borohydride causing the destruction of the 
crystal lattice. The steels series AISI 400 tend in time to 
become fragile, due to the diffusion of hydrogen under 
their surface. Involving tensions and breaks. Therefore, 
the iron-magnetic material selected for the preparation 
of our catalysts results the metallic iron (in powder, wire, 
fibre, foil, bar) pre-treated In surface in order to avoid its 
slow oxidation in time, 

[0021] We know that some noble metals perform cal- 
afytic action to the hydrolysis reaction of the alkaline 
borohydride. These metals are herein listed in decreas- 
ing order by their catalytic activity: ruthenium, rhodium, 
platinum, cobalt. In particular, at equal conditions, ruthe- 
nium performs an activity almost double than rhodium. 
We have already seen in previous patents that ruthe- 
nium tends to dissolve in alkaline conditions, which do 
not imply for rhodium and platinum. As a matter of fact, 
from the above-mentioned Pourbaix diagrams and ex- 
amining the relative redox potentials, only rhodium and 
platinum can be considered, as they have more positive 
values: 



Ru(OH)4 + 4e' Ru + 4 OH" E° =-0.15V 
5 Rli(OH)3 + 3 e" ±? Rh + 3 OH* £° = + 0.00 V 

Pt(0H)2 + 2 e" Pt + 2 OH" E*^ = + 0.14 V 

10 [0022] Therefore, In order to obviate the lower cata- 
lytic activity of rhodium and platinum, we have chosen 
to use a powder iron-magnetic support with granulom- 
etry of about 10 microns against the 25 of the above- 
mentioned Amendola's patent (catalyst IRA-400/Ru 
1^ 5%J: this is made possible thanks to the magnetic con- 
tainment device object of this Invention, which permits 
to keep in active position the smallest catalyst particle. 

Examples for the pr&parBtion of the catalyst: 

20 

[0023] The catalyst, studied and realized specifically 
for the magnetic containment devices of this patent, 
called Fe94Pt1 Rh5 (rates in % by weight Fe:Pt:Rh = 94: 
1:5), consists of a support material in iron powder with 
25 an average grahulometry of 10 microns. It is treated in 
4 phases: the first one is an acid pickling in order to re- 
move the possible surface iron oxides; in the second 
phase the iron surface is activated with a single bath of 
Pd"Sn"'/HCI that permits a better metallic plating in the 
30 next phases; the third phase involves the metallic plating 
to protect the iron - the most suitable metals are plati- 
num, gold and silver; the last phase includes the depo- 
sition of the catalytically active material. i,e. the rhodium. 
We are now going to describe an example of this prep- 
35 aration, not exhaustive, entirely performed at a room 
temperature, getting about 1 gram of final product: 

1) Weigh 0,940g of Iron powder {about 10 microns 
of granulometry) and put them in a glass beaker of 

40 50ml. 

2) Add 10ml of sulphuric acid 10%^ and shake for 
one minute. Quickly wash with distilled water hold- 
ing the powder in the beaker by means of a perma- 

45 nent magnet. 

3) Add 10ml of an activating solution Pd^'Sn'^HCf 
with composition: HCI cone. 25ml, PdCl2 0.1 7g, 
SnCl2*H20 12.00 g. H20q-b. 250ml. Shake for one 

50 minute. Quickly wash with distilled water. 



4) Add 20ml of a solution of NH4OH (2ml conc/L) 
and shake for 5 minutes. [Deeply wash with distilled 
water. 



10 



15 



20 



25 



30 



Co(OH)2 + 2 e" ±5 Co + 2 OH" - - 0.73 V 



5) Add 10ml of a solution containing lOmg of plati- 
num like Pt(NH3)4Cl2 H20 and 1 .OOg of sodrum hy- 
droxide. Shake for one minute. 
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6) Add Iml of an aqueous solution of NaBH4 20%^ 
NaOH 10%^. Shake for 10 minutes. Deeply wash 
with distilled water. 

7) Add 10ml of a solution containing 50mg of rho- s 
dium lil<e RUCl^ and I.OOg of sodium hydroxide. 
Shake for 1 minute. 

8) Add 5ml of an aqueous solution of NaBH4 20%^/ 
NaOH 10%^ and shake for 10 minutes. Deeply io 
wash with distilled water. 

9) Dry the catalyst Fe94Pt1Rh5 in stove at 105**C 
for 12 hours. 

15 

[0024] The catalyst, prepared writh the protocol of the 
above example, takes two tests for hydrogen generation 
from sodium borohydride. The first one Is a static test 
that permits to compare the hydrolysis kinetics of the 
new catalyst with the one obtained with the catalyst IRA- 20 
400/Ru5% by Amendola et al.. The second test is car- 
ried out In the above-described magnetic containment 
device, working in continuous flux, in order to assess its 
chemical stability in time. 

[0025] In the static test. 30ml of an aqueous solution 25 
of NaBH4 20%JNaOH 10%^ are placed in a flask of 
1O0ml equipped with a filter lid and a small glass tube 
that conveys the generated gas into a graduated con- 
tainer full of water, upside down and with the mouth 
dipped into the water held in a third container The so- 30 
iution placed into the flask has been previously ther- 
moslaled at 35**C. then we add 0.25g of catalyst 
Fe94Pt1Rh5. The diagram of Fig, 2 shows on the hori- 
zontal X-axis the time spent in seconds from the start of 
the catalytic reaction and on the vertical Y-axIs the vol- 35 
umes of hydrogen generated in cm^ (STP). For our cat- 
alyst we get a line having a greater slope than the one 
of the catalyst lRA-400/Ru5%. The slope of the lines 
represents the hydrolysis kinetics of the NaBH4 (zero 
order kinetics) on the different catalysts and results: 40 
Z.lcrn^ of H2/sec per gram of catalyst for our 
Fe94Pt1 Rh5 against 5.6cm^ H2/sec per gram of catalyst 
for the IRA-400/Ru5% of the patent by Amendola et al.. 
[0026] The second test, relating to the chemical sta- 
bility, therefore to the catalytic activity in lime, has been 45 
futfilfed using a couple of faced permanent magnets, 
whit a magnetic field, of about 1 Kgauss Intensity, which 
had effect on a section of a closed circuit of 16mm di- 
ameter and 50mm length, 0,50g of catalyst Fe94Pt1 Rh5 
have been contained in the above section. A peristaltic so 
pump fluxed, in the closed circuit, the same aqueous 
solution of II of NaBH4 20%^^NaOH 10%^ at a speed 
of about 1 ml/minute, at a room temperature (22-27''C) 
for 6 days. Thus, the recovered catalyst has been sub- 
jected again to the previous static kinetics test (0.25g 
cat./T-35**CA/=30ml sol.): the generated hydrogen has 
been of B.Scm^ H2/sec per gram of catalyst, showing a 
reduction of just 4% compared with the original kinetics. 



Ctaims 

1- Reactor for hydrogen generation from alkaline 
borohydrides, characterized In that it comprises: 

a) a magnetic field applied to a length of circuit 
where the hydrolysis reaction of the alkaline 
borohydrides is fulfilled; 

b) a catalyst made of iron-magnetic material, 
such as Iron, cobalt, nickel, gadolinium, iron- 
chromium alloys, stainless steel series AISI 
400, rare-earth oxides, magnetite (Fe304). 
contained from the magnetk: field in the above- 
mentioned length of circuit, which accelerates 
the hydrolysis reaction of the alkaline borohy- 
drides 1 

c) a solution of borohydride of alkaline metal 
and alkaline hydroxide flowing in the above- 
mentioned circuit, 

2. Device as claimed in claim 1 , characterized In that 
the catalyst Is made of powder, wires, fibres, foil or 
bar 

3. Catalyst as claimed in claim 1 , characterized in 
that it is made of powder with granulometry from 1 
to 50 microns of diameter, preferably from 5 to 20 
microns of diameter. 

4. Device as claimed in daim 1 , characterized in that 
the applied magnetic field is generated by one or 
more permanent magnets or by one coil electro- 
magnet. 

5» Device as claimed rn claims 1 and 4, characterized 
in that it's possible to vary in time the intensity and 
Ihedirection of the magneticfield applied, giving the 
permanent magnets a continuous or discontinuous 
movement, alternating and/or swinging on their po- 
sition by means of mechanical and/or electrome- 
chanical systems. 

6. Device as claimed in claims 1, 4 and 5, character- 
ized In that the magnetic field applied on a length 
of circuit has enough intensity to contain the catalyst 
in the above length, it can be moved to another 
length carrying together the catalyst, it can be 
moved in order to permit a greater or lesser contact 
of the catalyst with the solution of alkaline borohy- 
drides. it can be removed in order to allow the total 
retrieval of the catalyst. 

7, Device as claimed in claims 1.4,5 and 6. charac- 
terized In that it works with aqueous solutions 
made of alkalis, such as lithium hydroxide, sodium 
hydroxide, potassium hydroxide, preferably sodium 
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hydroxide; of alkaline borohydrides, such as lithium 
borohydride. sodium borohydride, potassium boro- 
hydride, preferably sodium borohydride. 

8. Device as claimed in claims 1, 4, 5, 6 and 7, char- 
acterized in that it works with aqueous solutions of 
sodium borohydride with concentrations from 0%^ 
to 50%^, preferably from 1 %^ to 35%^,,, and sodium 
hydroxide fn^m 0A%^ to 20%^, preferably from 
5%^ to 10%,^: the remaining ratio is water. 

9. Device as claimed in claims 1,4,5,6,7 and 8, char- 
acterized in that it works at temperatures com- 
prised between -5°C and lOO'^C, preferably be- 
tween and 90°C. 

10. Catalyst as claimed in claims 1, 2 and 3. charac- 
terized in that the grains of powder are made of a 
metallic protective plating on the imn-magneticsup- 
portfng material. The metallic protective cover is 20 
chosen among the metallic elements and their al- 
loys* such as silver, gold and platinum. 

11. Catalyst as claimed in claims 1, 2, 3 and 10, char- 
acterized in that the grains of powder are made of 25 
a catalytic surface above the metallic plating. The 
catalytic surface is chosen among the elements of 
single noble metals or albys« such as platinum or 
rhodium. 

30 

12. Catalyst as claimed in claims 1,2, 3, 10 and 11, 
characterized in that it comprises 60-99%^ of sup- 
porting metal. 1-10%^ of protective plating, 
0.1-10%^ of catalytic surface. 
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